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INTRODUCTION
Herbivorous fishes usually constitute most of the fish biomass in tropical and subtropical reefs, playing an important role in nutrient cycling (Choat and Clements, 1998; Ferreira et al., 2004) . However, the influence of these fishes on reef benthic fauna and algae may vary according to the diet and behavior of herbivores. Territorial herbivorous reef fishes, such as those from the families Pomacentridae and Blennidae, among others, influence the composition and diversity of algae and its associate invertebrate communities, as well as the relative abundances of algae and corals in tropical and subtropical reefs (Sammarco, 1983; Hixon and Brostoff, 1996; Ferreira et al., 1998; McManus et al., 2000; Townsend and Tibbetts, 2004) . Large roving herbivores, such as those from the families Kyphosidae and Sparidae, among others, might consume large amounts of algae and detritus, being thus important to biomass turnover from the primary producers to the upper levels of the food chain . Furthermore, some reef fishes usually regarded as herbivores consume considerable amounts of detritus, and only some fish species, including the sea chubs, Kyphosus spp. (Kyphosidae), may be considered as "truly herbivores" (Choat et al., 2004) . Sea chubs are diurnal fishes, which occur in tropical and temperate rocky reefs (Randall, 1967; Topp, 1970) and are primarily herbivores with morphological and physiological traits suited for consumption of algae, such as microbial fermentation in the gut (Rimmer, 1986; Clements and Choat, 1997; Moran and Clements, 2002) . Density of herbivorous fishes, which rely on low quality food sources (algae and detritus) decreased in abundance from tropical to temperate latitudes in Western Atlantic . Such pattern also holds for herbivorous reef fishes along the Brazilian coast, with the exception of kyphosids, which increase in abundance in south and southeastern Brazilian reefs at lower latitude, possibly because the digestive adaptations of these fishes allow algae consumption at lower water temperatures . Nevertheless, despite the potential importance of kyphosids as algae consumers, there are scarce information about the diet and feeding behavior of these fishes in subtropical reefs in southwest Atlantic Ocean. There are studies dealing with the diet of Kyphosus incisor (Cuvier) in Caribbean (Randall, 1967) and with the feeding behavior of Kyphosus sectatrix (Lacepede) in southeast Brazilian coast (Sazima, 1986) . Furthermore, few studies of Brazilian marine fishes have used both behavioral observations and gut content analysis (Ferreira et al., 1998; Zahorcsak et al., 2000; Silvano, 2001) , and this approach was not yet applied to survey sea chubs. We aimed to analyze and compare diet and feeding behavior (substrate use, position in water column, interactions with other fishes) of sea chubs in a Brazilian subtropical reef, reporting evidence that these fishes could also eat invertebrate besides algae.
MATERIALS AND METHODS
The present study was conducted on a subtropical reef in the Búzios Island, southeast Brazilian coast (23 0 47'S and 45 0 10'W), consisting in a rocky shore made up of rocks and boulders, most of them covered with algae (mostly Sargassum), macrobenthos, such as anthozoans, sponges, etc. and some sparse corals, ending in sand bottom (Silvano, 2001 ). This study site was thus similar to other previously studied south and southeast Brazilian rocky reefs (Ferreira et al., 2001 ). Topp (1970) considered Kyphosus elegans individuals ≤ 160 mm as juveniles. In the absence of information on size of first maturity for K. incisor, juveniles with ≤ 160 mm standard length (SL) were considered. Individuals between 160 mm and 300 mm were considered as small adults (possibly sub adults) and fishes ≥ 300 mm as adults. Stomach contents of seven K. incisor juveniles and 10 sub adults were analyzed. Fishes were collected with gillnets during the night, and hook-and-line during the afternoon. Seven fishes were collected on June 1998 (winter), the remainder being caught in November and December 1998 , January 1999 , February 2000 and June 2000 (winter). Fish collections and underwater observations were opportunistic and made when sea conditions were suitable for diving, mainly during summer. The food items were stored in 70% ethanol and identified to the highest possible level of taxonomic resolution. The amount of algae in the fish stomachs was measured as dry mass (g) only, as it could not be sorted and counted. However, the invertebrates were counted based on whole individuals or recognizable fragments, such as heads. These invertebrates were separated from algae in fish's stomachs during dietary analysis. Total amount of food was divided by fish size (mm SL), in order to control for possible effects of gut size in amount of invertebrates consumed. Considering that both K. incisor and K. sectatrix occured at the study site and the two species were indistinguishable underwater, behavioral data were assigned to these two fish species. The length of observed fish was estimated using handbreadth as measure units (Silvano, 2001) . Considering that such measure of fish length was not too accurate, observations of feeding behavior of juveniles and sub adults were grouped. Feeding behavior of juvenile and sub adult fish was observed during 31 h of snorkeling between 1100 and 1700 h, totaling 33 observations, lasting from 30 s to 7 min, on same months previously mentioned in diet analysis except for June 1998 (when no observation was made), and April 1999 (when fishes were observed but not collected). For details of observation methods, see Silvano (2001) . Observations were made after finding an individual and allowing a few minutes for acclimation to observer. The methods of focal animal and one-zero sampling were used (Lehner, 1979) , where all occurrences of behaviors were recorded during each short observation period. Considering that most of observed behaviors lasted less than observation period and intervals between observations were usually longer than duration of behavior acts, frequency of observation of each behavior, here measured as percent of times a given behavior was observed considering the total number of focal observations, was used as a proxy to time budget (time spent in each behavior) (Lehner, 1979) . Observations were made where the fishes were feeding or swimming (close to the rocks or in the water column) and if the fish was chased by the pomacentrid damselfish Stegastes fuscus (Cuvier). Most of the data on behavior and diet were gathered during same seasons and years, and fish observed and collected probably belonged to the same population. Although Kyphosids are regarded as roving herbivores, which may show wide horizontal displacements along the reefs , these fishes usually do not move long distances away from reef habitat. In Caribbean, Kyphosus sectatrix shows attachment to preferred reef habitats, notwithstanding its somewhat high mobility (Eristhee and Oxenford, 2001) . For comparative purposes, three K. incisor adults (large fishes, 325, 340 and 355 mm SL) were collected for stomach content analysis in June 1997 and April 1999 and the feeding behavior of four large Kyphosus spp. adults were observed in April 1999, each observation lasting from 1 to 4 min, following the same methods as above described for juveniles.
RESULTS AND DISCUSSION
Both small (n=17) and large (n=3) K. incisor individuals consumed mainly algae and crustaceans, which were found in 80 and 95 %, respectively of the 20 stomachs analyzed. Most of the sub adults and adults (9 of 13) fed mainly on Sargassum, while juveniles (six of seven) consumed mostly other algae (Table 1) . Despite the small sample size, large K. incisor could be regarded as herbivorous, eating mainly Sargassum from the rocks; these fishes were observed swimming close to the rocks (Fig. 1) . They were not, however, observed grazing on the algae (Fig. 1) , which could be due to a short sampling time. Previous studies in southeast Brazil and the Caribbean also recorded adult K. incisor and K. sectatrix as being herbivorous (Randall, 1967 , Sazima, 1986 . The number of invertebrates consumed was negatively correlated with fish size (mm SL) (r s s = -0.6, n= 20, P< 0.05), indicating that juveniles ingested more invertebrates than bigger fish (Table  1) . Fish ≥ 160 mm consumed mainly benthic amphipods (Table 1) , which usually occur on Sargassum (Jacobucci, 2000) and were thus probably consumed incidentally. Juveniles (≤ 160 mm), on the other hand, ate mainly calanoid copepods (Table 1) , which are usually pelagic (Kaestner, 1970) . The large numbers of copepods eaten (Table 1) indicated that small K. incisor was preying on copepods in the water column. Although invertebrates' biomass was not measured, it could be assumed that algae would be more important in biomass than invertebrates when both items were consumed (Table 1) , given the small size of invertebrates eaten (usually < 5mm). However, potential sampling biases were unlikely to lead to an overestimate of the amount of invertebrates eaten, as animal prey are usually more easily digested by fishes than algae (Choat and Clements, 1998) . Indeed, the water column was more frequented by Kyphosids ≤ 300 mm; only these juveniles and small adults were recorded feeding there (Fig. 1 ). Both the diet and feeding behavior analysis indicated that small adults and juveniles of K. incisor on this Brazilian subtropical reef were omnivorous, thus providing new evidence of invertebrates as a food source for post-settlement kyphosids in the Western Atlantic. In the Pacific, these fishes are known to be herbivorous throughout their post-settlement life, only incidentally ingesting animals (Clements and Choat, 1997; Moran and Clements, 2002) . Invertebrates have been recorded, however, in the diets of the blue sea chub Kyphosus cinerascens (Forsskål) (Senta et al., 1993) , and the juveniles of the buffalo bream Kyphosus cornelii (Whitley) (30-92 mm) (Rimmer, 1986) . The observed differences between the feeding habits of large and small K. incisor suggested an ontogenetic shift from omnivory to herbivory. An ontogenetic shift from carnivorous or omnivorous to an herbivorous diet has been documented for other fishes in the Pacific, such as kyphosids (Barry and Ehret, 1993) , Odax pullus (Forster) (Clements and Choat, 1993) , and Stegastes nigricans (Lacepède) (Letourneur, 2000) . Morphological and physiological ontogenetic changes, as well as animal protein requirements for growth, may influence the intake of animal prey by juveniles of herbivorous fishes (Rimmer, 1986; Clements and Choat, 1993; Choat and Clements, 1998; Letourneur, 2000) . Notwithstanding the lack of information about K. incisor development, algae have been reported in the diet of juveniles of Kyphosus, indicating a capacity to digest plant food (Rimmer, 1986; Clements and Choat, 1997; Moran and Clements, 2002) . Gerking (1994) argues that ingestion of animals may not be obligatory for growth of juveniles, as an herbivorous diet can potentially provide all the fish's food requirements. However, consumption of animal prey may provide a high protein intake to juveniles of herbivorous fishes, accelerating their growth during a critical life phase, when they are more subjected to predation. Such pattern, observed for Stegastes fuscus in a Brazilian reef, where juveniles of this species eat animal prey while adults eat algae (Ferreira et al., 1998) , might also apply to sea chubs in the studied reef site. The herbivorous territorial damselfish Stegastes fuscus (Ferreira et al., 1998 ) is abundant at the study site. Territorial damselfishes influence foraging activities and reduce the availability of algae to other herbivorous fishes (Reinthal and Lewis, 1986) . Therefore, agonistic interactions between S. fuscus and juveniles of sea chubs (Fig. 1) , indicated that the former, which chased small kyphosids away from the algae covered rocks, could be constraining the foraging activity in the later at southeast Brazilian reefs. The agonistic behavior of Stegastes towards Kyphosus has not been previously reported (Harrington and Losey, 1990 ). Other factors not investigated in this survey that might influence feeding habits of sea chubs were the presence of predators and seasonal availability of algae. Despite limited sample size, results suggested that juveniles of K. incisor were omnivores. Therefore, this fish could have an important role in the food web of subtropical Brazilian reefs, to the extent that fishes eating zooplankton and sheltering in the reef enhance the organic carbon transfer between the pelagic and reef communities (Bray and Miller, 1981) .
RESUMO
Este trabalho analisa e compara a dieta e comportamento alimentar (uso do substrato, posição na coluna d'água, interações com outros peixes) de peixes do gênero Kyphosus, em um recife subtropical no Brasil. O estudo foi realizado na Ilha de Búzios, litoral sudeste do Brasil, de 1998 a 2000. Para as análises da dieta os peixes foram coletados com redes de emalhar de espera durante a noite e anzol e linha durante à tarde. 
